Introduction
============

The minimal invasive lateral transpsoas approach, as known as direct lateral interbody fusion (DLIF) or extreme lateral interbody fusion (XLIF), is a relatively new surgical technique that allows access to the lumbar disc space and vertebral body without an extensive muscle dissection. DLIF has become an increasingly popular approach for achieving interbody fusion over the past decade because it can avoid the morbidity of anterior approaches. This procedure has been shown to have decreased blood loss and transfusion rates, lower rates of postoperative back pain, quicker recovery, and shorter hospital stays.^[@B1]^ It uses a lateral retroperitoneal corridor that has less risk of injury to the peritoneal contents and the hypogastric sympathetic plexus as compared to more anterior interbody approaches.

However, the DLIF technique can lead to lateral transpsoas approach-related complications with the potential for significant neurologic morbidity.^[@B2],[@B3]^ The most common reported complications of the lateral transpsoas approach are ipsilateral anterior thigh pain and psoas major muscle weakness, both of which are related to splitting the psoas muscle fibers upon approaching the spine and minor trauma to the lumbar plexus.^[@B4]^ An unsightly and painful abdominal flank bulge is a largely under-recognized and very rare complication of the lateral transpsoas approach. Postoperatively, abdominal muscle laxity and flank bulge results in an uncomfortable, asymmetrical cosmetic deformity and patient dissatisfaction with physical appearance. We describe a case of flank bulging after DLIF along with a literature review.

Case Report
===========

A 59-year-old man presented with a 10-month history of back pain, bilateral buttock pain, and bilateral radiating posterior leg pain and numbness. The patient exhibited a limping gait due to the pain. He had undergone an L5-S1 posterior lumbar interbody fusion surgery 7 years ago at another hospital. He was treated with many different kinds of conservative therapies. However, the pain did not decrease. Magnetic resonance imaging (MRI) showed L4--5 disc herniation with a bilateral foraminal stenosis and an L2 wedge vertebrae with kyphosis ([Fig. 1](#F1){ref-type="fig"}). He underwent anterior lumbar interbody fusion (ALIF) at the L4--5 level with bilateral foraminal decompression and posterior screw fixation ([Fig. 2](#F2){ref-type="fig"}). After the operation, the patient's preoperative symptoms improved.

However, 8 months later, he complained of buttock and posterior leg pain on the left side. Radiography and a computed tomography (CT) scan showed retrolisthesis at the L3-4 level and a position change of the left L4 screw with peri-screw halo ([Fig. 3](#F3){ref-type="fig"}). We assumed that L3-4 retrolisthesis with stenosis developed due to the L2 wedge vertebrae with kyphosis. Therefore, we decided to perform an L2 corpectomy and L3-4 DLIF with a lateral transpsoas approach and fusion extension to T12 for kyphosis correction ([Fig. 4](#F4){ref-type="fig"}). The incision was made along the 11th rib and coursed anteriorly and inferiorly around the abdomen, extending medially to the lateral aspect of the rectus sheath. The three layers of the lateral abdominal wall muscle were then split between the muscle fibers to allow entry into the retroperitoneum. We did not use electrocautery. A dissector was used to perform periosteal dissection, stripping the intercostal muscles and intercostal neurovascular bundle off the posterior aspect of the rib. We needed to resect the 11th rib to provide a wide operational view for L2 corpectomy and cage insertion. Therefore, we resected the 11th rib and retracted the 10th and 12th rib, including the 11th intercostal neurovascular bundle, for a long period in order to perform the L2 corpectomy and cage insertion.

After the operation, the patient's symptoms improved and he was discharged 10 days later. One month postsurgery he experienced left abdominal flank discomfort and bulging below the skin incision on the lateral approach side ([Fig. 5](#F5){ref-type="fig"}). The abdominal flank bulging showed an oblique and dermatomal pattern. It was aggravated by walking, coughing, defecating, constipation, and eating. The patient experienced hypoesthesia around the bulge. A CT scan showed left abdominal flank bulging accompanied by abdominal muscle thinning, with no evidence of an abdominal facial defect or a bowel hernia ([Fig. 6](#F6){ref-type="fig"}). The condition has not changed over 17 months of post-surgical follow-up. We are continuing to observe the patient.

Discussion
==========

Injury to the nerves of the lumbar plexus traversing the psoas muscle is a well-documented surgical complication. New onset thigh numbness, dysesthesias, pain, and/or weakness are reported by 30.4% of patients undergoing lateral retroperitoneal approach surgery.^[@B5]^ In addition to these complications, postoperative pain due to injury to the intercostal nerves during thoracic surgery is a well-known complication. The higher incidence of chronic post-thoracotomy pain syndrome suggests surgical nerve damage is common. Retractor-induced direct intercostal nerve damage takes place in all patients and results in indirect nerve damage in 44% of patients.^[@B6]^ Around 50% of patients undergoing thoracic surgery suffer from various intensities of chronic post-thoracotomy pain syndrome, most likely due to intercostal nerve damage.^[@B7]^

Innervation of the abdominal rectus and internal and external oblique muscles is mostly established by the T7 to T12 intercostal nerves. These nerves supply the rectus abdominis muscle and internal and external oblique muscles and terminate in the anterior cutaneous branches of the abdomen. Cadaveric dissection studies and intraoperative ElectroMyoGraphy (EMG) evaluations provided detailed knowledge of the anatomy of the anterolateral abdominal wall and its innervation.^[@B8]^ Cadaveric dissections have shown that the most significant intercostal nerve contributions to the anterolateral abdominal wall arise from T11 and T12. Electrophysiological confirmation of these findings was obtained through intraoperative stimulation. Therefore, we believe that the occurrence of postoperative abdominal flank bulge is most likely attributable to muscle denervation caused by injury to the T11 and T12 intercostal nerves.

It is possible that postoperative abdominal flank bulging is caused by direct muscular injury and disruption of the local blood supply to the muscle around the incision. However, there is abundant evidence that implicates denervation injury as the more likely etiology. Multiple authors have suggested that abdominal flank bulging after retroperitoneal approaches may be a result of denervation injury. ^[@B6],[@B8]--[@B10]^ The pattern of muscular atrophy has even been documented as following an oblique pattern, mimicking a dermatomal distribution.^[@B11]^

It is very important to distinguish between a true hernia and a denervation injury of the anterolateral abdominal musculature. True hernias involve one or more facial defects, whereas a denervation injury involves thinning of the musculature with an intact facial plane.^[@B12]^ If it is a true hernia, a reoperation for repair is required. Whereas, if it is a denervation injury, it is only necessary to observe the abdominal flank bulging. In our case, the abdominal flank bulging showed an oblique and dermatomal pattern below the skin incision. An abdominal CT scan showed no facial defect. Therefore, it is not an incisional hernia. It is abdominal flank bulging due to abdominal muscle weakness caused by injury to the T11 intercostal nerve.

One article reported three patients with an abdominal wall paralysis after open thoracic surgery.^[@B6]^ In two of three cases, the abdominal wall paralysis resolved within a few months. In the remaining case, the condition was still present 1 year after the operation. The authors of the report concluded that damage to the intercostal nerves could be reduced with less invasive techniques. Another article reported that awareness of the anatomical course of the intercostal nerve is the first step in preventing abdominal flank bulging.^[@B8]^ They recommend protecting the intercostal nerve with moistened cottonoid while coagulating the intercostal artery or vein. They also recommend protecting the intercostal nerve along the rostral rib with a moistened laparotomy sponge when placing the rib spreader.

Abdominal flank bulging is an unsightly and painful complication that can occur after a lateral retroperitoneal approach to the thoracolumbar spine. The most significant intercostal nerve contributing to the anterolateral abdominal wall arises from T11 and T12. Therefore, this complication results from denervation of the abdominal musculature, caused by injury to the T11 and T12 intercostal nerves. To consider the case of this complication for focused on our operating procedure, the causes of this complication are excessive irritation of intercostal neurovascular bundle during periosteal dissection using dissector, or excessively long periods of retraction of the 10th and 12th rib, including the 11th intercostal neurovascular bundle, to secure a wide operational view. We believe that a retraction injury is more likely to develop in the abdominal flank bulge than an irritation injury sustained during periosteal dissection. Awareness of the anatomical course of the intercostal nerve, a meticulous approach intended to minimize intercostal nerve injury, and awareness of rib and intercostal neurovascular bundle retraction is the first step in preventing this complication.
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![Sagittal MRI shows L4--5 disc herniation with bilateral foraminal stenosis and L2 wedge vertebrae with kyphosis. A: right foraminal area, B: central, C: left foraminal area.](nmccrj-4-023-g001){#F1}

![Postoperative plan radiography shows interbody cage insertion at L4--5 level with fusion extension to L4. A: anterior-posterior view, B: lateral view.](nmccrj-4-023-g002){#F2}

![After 8 months of operation, follow-up plan radiography showed retrolisthesis at L3--4 level and left L4 screw position change. CT scan shows periscrew hallo (white arrow). A: anterior-posterior view, B: lateral view, C: CT scan coronal view.](nmccrj-4-023-g003){#F3}

![Plan radiography shows L2 corpectomy and mesh cage insertion, L3--4 interbody cage insertion, fusion extension to T12 level, and kyphosis correction state. A: anterior-posterior view, B: lateral view.](nmccrj-4-023-g004){#F4}

![Photography shows left abdominal flank bulging (white arrow).](nmccrj-4-023-g005){#F5}

![CT scan shows left abdominal flank bulging accompanied by abdominal muscle thinning, and no evident of abdominal facial defect and bowel hernia (white arrow).](nmccrj-4-023-g006){#F6}
